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Abstract 
To energize the SuperKEKB final focus superconducting (SC) magnets, 110 current leads in total will be equipped in the two service cryostats. 
For the SC quadrupoles and solenoids, 22 leads are the conventional vapor cooled type and the others for the SC correction coils employ an 
HTS section at the cold ends. The qualification program on the leads is being carried out at KEK as the cryogenic acceptance test prior to 
installation. This paper presents the thermal and electrical results of the cryogenic tests. 㻌
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1. Introduction 
The SuperKEKB is the upgrade project of KEKB and its target luminosity is 8×1035 cm-2s-1, which is 40 times higher than that 
of KEKB. The accelerator is based on the nano-beam scheme and the beam final focus system is the most important element to 
achieve this accelerator concept. The system has been designed with SC quadrupole doublets for each beam and consists of 8 
main SC quadrupole magnets, 4 SC compensation solenoids and 43 SC correction coils [1]. 
The main quadrupole magnets (QC1s and QC2s) form the doublets for the horizontal or vertical focusing of each beam and 
have 5 different design currents of 1.0, 1.25, 1.35, 1.8 and 2.0 kA, respectively, as listed in Table 1. According to the 
requirements of the beam optics and the precise alignment of the quadrupoles, 43 correction coils are totally equipped in the 
system. Their currents vary with the accelerator operation modes and the maximum current is 70 A. In addition, the system has 4
compensation solenoids to exclude the effect of solenoid field of the BelleII detector and their design currents are about 450 A. 
All the magnets and coils are assembled into two cryostats, located at the left and right sides of the interaction point. For each 
cryostat, the cooling power is supplied by an independent refrigerator. 
In total, 110 current leads of the SuperKEKB final focus SC magnets will be equipped in the two service cryostats, which 
serve as the interface between the magnet cryostat and the cold box. The Fig.1 is the cooling circuit of the cryostats in the left 
side. The heat loads of the current leads are usually dominant to the magnet cryostats at liquid helium (LHe) temperature. The 
conventional vapor cooled current lead (VCCL) of optimum design has a heat leak of about 1.04 W/kA to the LHe [2]. With 
monitoring the warm end temperature and voltage drops of the VCCLs, the cryogenic system can operate them by control valves 
at room temperature, as shown in Fig.1.  
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Table 1. Design currents of the SuperKEKB final focus SC magnets and their current lead types. 
Item QC1P QC1E QC2P QC2LE/QC2RE Solenoid Correctors 
Magnet
Id (kA) 1.8 2.0 1.0 1.25/1.35 <0.450 <0.070 
Total NO. 2 2 2 1/1 4 43 
Current lead Vapor cooled current lead (VCCL) VCCL+HTS 
Fig. 1. Cooling circuit for the cryostats in the left side. 
For the SC quadrupoles and solenoids, the VCCLs from the commercial vendor are adopted. The leads are rated at the currents 
of 0.45, 1.0, 1.35, 1.8 and 2.0 kA. When the leads were being fabricated, the qualification program had been planned as the 
cryogenic acceptance test at KEK. This paper presents the set-up and results and the measurement.  
For the SC correction coils, we developed the compact lead unit with 8 optimum VCCLs of the 50 A current to save the space 
and reduce the complexity of the cryogenic system. The cryogenic experiment on the prototype unit was carried out and the 
results agreed well with the numerical calculation [3]. Recently the 2nd generation (2G) HTS tape of 0.15 mm thickness is 
commercially available [4] and the HTS tape can be soldered to the brass lead body almost without geometrical structure change.
In addition, the maximum current of the correction coils has been increased from 50 to 70 A according to the beam optics 
requirements. The HTS presence can further reduce the heat leaks to the LHe and raise the current capacity of the lead, which are
firstly demonstrated by the simulation [5]. Last year, we fabricated the compact lead unit with an HTS section and tested it in the 
LHe. This paper describes the fabrication and measurement of the HTS leads.  
2. Measurement set-up 
The current lead measurement system consists of a vertical cryostat, flow measuring and controlling panel, data acquisition 
and current power source. In addition to the standard vacuum chamber with multilayer insulation and liquid nitrogen intermediate
interception, the vertical cryostat is equipped with the double LHe vessels for a self-cooling mode measurement. The inner LHe 
vessel with the diameter of 261.4 mm is immersed in the LHe of the outer vessel with the 300 mm diameter. During the 
cryogenic tests, the LHe level of the inner vessel is lower than that of the outer and the heat leaks from the cryostat can be 
excluded. The lead pair is set up in the inner vessel and their cold ends are connected with a SC cable in parallel with two copper 
bars. The copper bars are immersed in the LHe. The vaporized helium vapor flows through the lead current conductors and 
warms up with heat exchange along the leads. At room temperature, the flows are monitored by the thermal flow meters and can 
be adjusted by valves. 
The lead instrumentation includes temperatures of warm and cold ends, voltage drops over the leads, mass flow rates of the 
helium vapor. In addition, some temperature sensors are placed along the compact lead unit for the SC correction coils to get the 
temperature profiles over the lead length. The LHe levels of the inner and outer vessels are also recorded. 
3. Performance of the leads for the SuperKEKB final focus SC magnets 
The cryogenic measurement on the leads at KEK serves as the acceptance test to ensure that the lead performance reaches the 
thermal and electrical requirements under the nominal operation conditions. According to the construction progress of the project,
the leads for the left side magnets are firstly tested and the lead performance is summarized in Table 2. 
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Fig. 2. Evolution of the mass flow rates and currents during the tests of (a) the 1.0 kA leads; (b) the 2.0 kA leads. 
Table 2. Design and measured parameters of the current leads for the SC magnets of the left side. 
Item  Unit 450 A 1.0 kA 1.35 kA 1.8 kA 2.0 kA 70 A/8-lead 
Heat leaks 
Design W < 0.72 < 1.6 < 2.16 < 2.16 < 2.4 < 0.58 (ref.) 
Measured W < 0.61 < 1.35 < 1.84 < 2.15 < 2.27 < 0.61 
Mass flow rates of 
helium vapor 
Design
g/s 0.031 0.068 0.089 0.106 0.117 0.027 
SLPM 10 22.9 29.9 35.6 39.3 9 
Measured SLPM < 10 < 22.0 ~29.9 ~35.0 ~37 ~10 
LHe consumption Measured L/h < 0.86 < 1.88 ~2.56 ~3.00 ~3.17 ~0.86 
3.1. Leads for the SC quadrupoles and solenoids 
After the lead pair is set up in the inner LHe vessel of the vertical cryostat, the cryostat and the outer LHe vessel are pre-
cooled with liquid nitrogen a night before. It not only saves the LHe consumption but also benefits the thermal stability of the
cryostat for the lead measurement. After the precooling process, the LHe is transferred to the outer and inner vessels until the lead 
cold ends are immersed in the LHe. The bypass line of the inner LHe is closed and all helium vapor flows through the leads. The
nominal current is applied to the leads, as shown in Fig. 2. The key instrumentation for the lead performance assessment is the
mass flow rate of the helium vapor. The lead pair is operated with the seft-cooling condition and the lead heat leaks to the LHe
can be calculated according to the latent heats of the flows. The helium vapors for each lead are listed in the Table 2 and the
measured values are almost the same to the designs. The expected heat leaks for all the leads are verified. 
As the test usually lasts 3 hours, the LHe level drops much with time. With the distance of the lead cold ends over the LHe 
level increasing, the heat leaks to the LHe decrease and the vaporized helium vapor gradually reduces, as shown in Fig. 2. In the
end of the 1.0 kA lead test, the flows are about 20 SLPM (Standard liter per minute) and it is still higher than the 80% of the
design value. For the 2.0 kA lead test, after two hours of the self-cooling mode, the flow rates are lower than the limitation of the 
normal operation. The flow rates are increased by the power of the heater and the test lasts another 1.5 hours for data taking.
During the cold tests, the voltage drops over the leads are at the range from 30 to 45 mV and lower than the designed alarm 
value of 60 mV. The temperatures of the cold ends are monitored and lower than 9 K. At the warm ends, some ice appears and in 
the real operation, attention should be paid to it.  
                   (a)                                      (b)                                                                                     (c) 
Fig. 3. (a)  Cross section of the compact 8-lead unit; (b) cross section of the brass lead with the groove of 0.2 mm depth and 5.8 mm width for the 
HTS tape soldering; (c) dimensions of the leads and lengths of the HTS tape and the LTS wire, soldered in the lead. 
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Fig. 4. (a) Measured mass flow rates of the compact lead unit, with and without HTS section; (b) Comparison of the lead temperature profiles and voltage drops 
between the cryogenic tests and simulation. 
3.2. Leads for the SC correction coils 
In the brass lead body, a groove of 0.2 mm depth is machined for soldering the HTS tape of 0.15 mm thickness. The effective 
length of the brass lead is 690 mm for the heat exchange between the current conductor and helium vapor. The HTS tape length 
in the lead is about 300 mm, as shown in Fig.3. 
Before soldering the HTS tape in the leads, the compact lead unit without the HTS tape was assembled and tested as a 
reference. The thermal performance with the currents is shown in Fig. 4 (a). The heat leaks with currents have the same tendency
with the optimum design value of about 1.04 W/kA and are a little higher due to the contributions of some other components in 
the lead unit. With the HTS tape, the heat leaks are in total about 0.61 W for 8 leads and not influenced by the current change.
The HTS benefits are more evident at currents of 70 and 80 A. The constant thermal behavior is due to the HTS presence and no 
heat generation at the cold ends. Fig.4 (b) shows the temperature profiles along the lead from the measurements and simulation.
According to the curve, the HTS length at the SC state (<77 K) is about 230 mm and the temperature gradient does not change 
much despite of the increased current. 
The length and cross section of the brass lead is optimized for 50 A current and the voltage drops for 50 A is about 80 mV. 
With the HTS tape, the measured voltage drop is reduced to 53 mV and the simulation result of 55 mV is close to it. 
4. Conclusion 
The purpose-built double LHe vessels in the vertical cryostat are utilized to realize the lead self-cooling mode tests. The 
cryogenic tests on the VCCLs for the SC quadrupoles and solenoids of the left side have been carried out to ensure their thermal
and electrical performance satisfies the requirements of the nominal current operations prior to installation in the service cryostat. 
The current leads have shown the expected quality with the key performance instrumentations, such as the flow rates of the 
helium vapor and voltage drops.  
The compact lead unit with the HTS tape has been tested and the HTS benefits are verified. The fabrication and assembly of 
the lead units for the left side is going on at KEK. With the cryogenic tests of the current leads for the left side, the LHe 
consumption of 27.2 L/h is concluded. 
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